From 13 plant species with disease symptoms 94 species of fungi and FLO were isolated. The highest mycological biodiversity was stated in Phragmitetum australis (24 species) and Thelypteridi Phragmitetum (27 species) plant associations. The host species in which the biggest number of fungi and FLO species was observed were: Phragmites australis (37 species) and Carex acutiformis (25 species). The highest mycological similarity based on the Jaccard Sörensen coefficient occurred between Caricetum acutiformis and Glycerietum maximae plant associations (50%) whereas the lowest value of the coefficient represented Glycerietum maximae and Phalaridetum arundinaceae associations (7%).
Dedicated to Professor Alina Skirgiełło on the occasion of her ninety fifth birthday related to diversification of large-area Phragmitetea-class rush phytocenoses has not been described in Poland. Hence, these studies were undertaken in order to learn the distribution of both phytopathogenic and saprotrophic fungi and FLO accompanying the growth of plants in various rush communities located around Lake Glinno. These are the first studies aimed at characterization of the condition of rush associations in the region of Western Pomerania, Poland.
MATERIAL AND METHODS
The studies were carried out during the vegetation seasons of 2004 and 2005. The material was collected four times a year on five sites located along the bank of Lake Glinno, where typical patches of rush vegetation had formed, represented by Phragmitetea r.tx. et prsg 1942 class and Phragmitetalia Koch 1926 order with two alliances, Phragmition and Magnocaricion. The Phragmition alliance reed beds are characterised by poor floristic composition and a wide ecological amplitude of the species comprising such phytocenoses. These are found mainly on the banks of eutrophic bodies of still or sluggish water within the transition zone between the communities of Potametea class floating hydrophytes and the large sedges of the Magnocaricion association. On the other hand, either natural or anthropogenic communities of bog vegetation and large sedges classified within the Magnocaricion alliance inhabit slightly more elevated riparian zones that, compared to reed beds, are flooded less frequently and, if so, remain submerged for shorter periods of time (M a t u s z k i e w i c z 2001).
In Phragmition alliance were distinguished 3 plant associations: Eleocharitetum palustris Sennikov 1919, Phragmitetum australis Gams 1927 Schmale 1939 and Glycerietum maximae Hueck 1931 as well as four ones from Magnocaricion alliance: Caricetum acutiformis Sauer 1937 , Phalaridetum arundinaceae (Koch 1926 ) Lib.1931 , Thelypteridi-Phragmitetum Kuiper 1957 and Caricetum ripariae Soo 1928. The associations were distinguished by means of 9 phytosociological relevés applying the Braun-Blanquet method (S z a f e r , Z a r z y c k i 1977), whereas the taxonomy of the identified plant communities is followed by M a t u s z k i e w i c z (2001) .
In each association, we looked for plants exhibiting pathological changes. Such symptoms were found in 13 species: Carex acutifomis Ehrh., C. pseudocyperus L., C. riparia Curtis, Eleocharis palustris (L.) Roem. & Schult., Eupatorium cannabinum L., Glyceria maxima (Hartm.) Holmb., Iris pseudoacorus L., Phalaris arundinacea L., Phragmites australis (Cav.) Trin. ex Steud., Polygonum amphibium L. f. natans Moench, Scirpus ( Schoenoplectus) lacustris L., Sparganium erectum L.em. Rchb., and Typha latifolia L. Additionally, in the patches of the analysed plant associations, submerged dead plant fragments (see Tab. 1 -SDPF) were collected, which were treated jointly, without species distinction, due to identification difficulties. The material in the form of the plants and their dead fragments were subjected to further analysis in the laboratory. Isolation and identification of the phytopathogenic and saprotrophic fungi from tissues of the collected plants was carried out twice. First, immediately after their collection, the plant fragments were incubated in sterile and humid chambers; thereafter, the microorganisms were inoculated onto PDA and CDA media, according to the methods by K i r à l y et al. (1977) . Supplementary observations and isolations were also carried out within two to four months using (1996) , who reported Nawawia dendroidea as a new species affecting Phragmites reeds in South Africa. The host plant association-dependent fungal biodiversity varies also for Carex acutiformis. The sedge hosts from 7 fungal species if found in the Phalaridetum arundinaceae association to 18 fungi if growing in the Caricetum acutiformis association. The specificity of a host plant habitat-dependent fungal biodiversity is determined by dissimilar, local climate and habitat (A n d r z e j e w s k i , We i g l e 2003). The Caricetum acutiformis association plants inhabit open, windy sites, which facilitate migration of fungal spores; on the other hand, Thelypteridi-Phragmitetum and Phalaridetum arundinaceae associations are situated in hollows or inlets, which provides some spatial isolation and restricts spore propagation.
Besides ecological factors, preferences of microorganisms (primarily saprotrophic ones) in relation to host plants may reflect differences in morphology and anatomy of the latter group. Namely, it has been observed that two plant species related to each other, which might be similar as hosts for a number of saprotrophic fungi, do not provide equally attractive substrates. To support this, as few as one fourth of the number of fungi hosted by C. acutiformis were found on C. pseudocyperus, all within the associations that these plants create together (Tab. 1). These differences probably result from dissimilar ways in which that associations are formed by the compared sedge species. C. pseudocyperus does not send runners, thus it occurs in small tufts scattered across the patches of the association. Moreover, its plants are nearly half the size of those of C. acutiformis or P. australis, which to a large extent protects against spores, especially those of less common fungi. Hence, phytopathogenic fungi observed sporadically in the littoral zone: Pseudocercosporella herpotrichioides and Phyllosticta caricis were actually found on C. acutiformis. Likewise, epiphytic foliage infection by Puccinia dioicae was found only on C. acutiformis. Conversely, another rust species, Puccinia caricina, was identified on C. riparia, the largest sedge species found in Poland. None of the Uredinales order species has been so far observed on C. pseudocyperus, whereas Septoria caricis, which causes chlorotic or necrotic leaf blotching, is a common phytopathogen to C. pseudocyperus. This implies that this sedge has by itself extended the range of S. caricis host plants known so far, as this pathogen has been so far isolated only from other sedge species (E l l i s , E l l i s 1985).
An interesting diversity was found among the fungal species that are characteristic of Iris psudoacorus. Out of 19 fungal taxa associated with this host plant, only 5 were found in the Caricetum ripariae association, whilst as many as 14 species -in Thelypteridi-Phragmitetum. This shows that the health condition of I. psudoacorus in the analysed patches of Thelypteridi-Phragmitetum associations was much poorer, especially as the fungi isolated from these plants were dominated by leaf blotching-causing species: Clavariopsis aquatica, Colletotrichum dematium and Dactylella iridis (Tab. 1). However, Phoma pseudoacori was the most significant phytopathogen of I. pseudoacorus, most frequently isolated from large and fuzzy leaf lesions. We have also isolated this species from sporadic plants of the Caricetum ripariae associa-tion. Other authors also report Phoma pseudoacori as a frequent cause of necroses (B r a n d e n b u r g e r 1985).
Scarce are the data on the incidence of Fusarium oxysporum infecting rush vegetation. This species is most often reported to cause plant fusarioses (Ł a c i c o w a 1975; 1977; Ł a c i c o w a , K i e c a n a 1980; M a ń k a , Fr u ż y ń s k a -J ó ź w i a k 1989; K w a ś n a et al. 1991; S a n i e w s k a , Wa c h 2003). It is therefore worth mentioning that F. oxysporum in our studies was isolated from the stalks and leaves of so far unknown host plants: I. pseudoacorus, C. acutiformis, Eleocharis palustris, and Glyceria maxima. On the other hand, studies are continued that focus on physiological diversification and virulence of various strains of this species coming from various rush plants. In relation to zoosporic fungi, Physoderma gerhardii and Cladochytrium tenue, it is recognised that these species are non-specialised endoparasites of leaves. Various species of aquatic and wetland vegetation can become host organisms of these phytopathogens (S k i r g i e ł ł o 1954; B r a n d e n b u r g e r 1985); in the studied area, however, these fungi have been so far found only on Glyceria maxima, especially on the plants growing in the centres of the communities. On the littoral skirts, on the other hand, the dominant G. maxima leaf pathogens were Puccinia coronata and Ustilago davisii. In the Glycerietum maximae association, Typha latifolia was the accompanying species to G. maxima. This plant species was commonly infested by Colletotrichum typhae, which resulted in large blotches on the leaves, orange-brown in the centre surrounded by a dark-brown edge.
Based on the Jaccard-Sörensen coefficient the highest mycological similarity among rush plant associations was observed between Caricetum acutiformis with Glycerietum maximae (50%) whereas the lowest values of that coefficient represented Glycerietum maximae and Phalaridetum arundinaceae rush associations (7%) (Tab. 2). Evidently lower but comparable values of mycological similarity were observed between Thelypteridi-Phragmitetum and Caricetum ripariae (26%), Caricetum ripariae and Eleocharitetum palustris (25%), Eleocharitetum palustris and Glycerietum maximae (24%), Thelypteridi-Phragmitetum and Caricetum acutiformis (23%),
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Thelypteridi-Phragmitetum and Phalaridetum arundinaceae (22%) rush plant associations. Lack of comparable studies in Western Pomerania, as well as scarce literature published in Poland dealing with fungi of rush associations (D u r s k a 1970; M u ł e n k o 1989; A d a m s k a , B ł a s z k o w s k i 2000) result in the fact that a range of fungal species found on the plants that constitute these communities are their first observations in Poland. This is not due to the rarity of these species, but is rather a result of low interest in the subject and a fragmentary, local recognition of biodiversity. Therefore, similar studies are intended to be carried out over the next years, also in the rush associations of other lakes located within Western Pomeranian province.
A comparison of fungal diversity between all rush communities yields an interesting diversification in taxonomic groups of fungi. It has been demonstrated that among Mycobiota the most numerous taxa belong to mitosporic fungi, or Coleomycetes class (11 taxa) and Hyphomycetes (46 taxa). These species (57 taxa) represent 60.64% of the total taxonomic diversity. Ascomycota fungi (17 species) and Basidiomycota fungi (11 species) represent, respectively, 18.08% and 11.70% of the total fungal biodiversity. Chytridiomycota (3 species, 3.19%), Zygomycota (1 species, 1.06%), and -included into FLO -Oomycota (2 species, 2.12%), were found sporadically. These values are also reflected in the proportions of the fungal diversity in the plant associations: all the associations are dominated by mitosporic fungi (Fig.  2) . Thus, the fungal diversity of the phyllo-and caulosphere are primarily formed by Hyphomycetes and Coleomycetes fungi. Similar trends in relation to other host According to our study, this probably concerns Eleocharis palustris. Besides F. oxysporum, also three other Fusarium species were isolated from brown lesions located under the ear of the plant, namely F. aquaeductuum, F. culmorum, and F. sambucinum. Further studies are needed to establish which of these species form the main cause of the rot lesions found on the plants and which are only an accompanying factor. Complex and common occurrence of Fusarium species was also observed for P. australis. If we discuss this particular host plant, Fusarium poae is a species specially worth mentioning; according to B o o t h (1971), the fungus is responsible for plantlet fusarioses, malformations and withering of inflorescence in various plants of the family Graminae. Not only do Fusarium spp. affect the health of rush vegetation they live on, especially P. australis and G. maxima, they are also significant due to their intense toxin-producing activity. Namely, a real danger of poisoning arises due to an increasingly common use of P. australis as a housing construction material (roof cladding) or G. maxima as a livestock feed; this way either humans or livestock animals may become exposed to Fusarium toxins, especially those of the trichothecinforming group (C h e ł k o w s k i 1985). Saprotrophic Alternaria, Cladosporium, and Doratomyces fungi, commonly found on all rush vegetation species, represent another health hazard for people. Their strains isolated from various indoor bioaerosols has been demonstrated to have an allergenic health effect (Z a w i s z a 2001). Since reed is harvested in spring, the growth of saprotrophic fungi is particularly intensive. Other fungal species, Deigtoniella arundinacea, Puccinia magnusiana, P. phragmitis, and (sporadically) Ustilago grandis, lead to significant starvation and weakening of plants. This in turn has an economic aspect, since the pathogens cause biomass losses (D u r s k a 1970; Ta n a k a 1991).
The continuation of these studies planned for the following years will presumably allow us to extend the list of the species associated with rush vegetation, and will also enable evaluation of the local significance of particular pathogens. Constant monitoring of fungal biodiversity and, thus, permanent health inspection of rush associations in Western Pomerania seems to be of particular importance, since large areas of waste land covered with reed beds are being assigned for reed cultivation PWRiL, Warszawa.
